BACKGROUND Studies have shown that left stellate ganglion (LSG) suppression protects against ventricular
M alignant ventricular arrhythmias (VAs) remain a major contributor to sudden cardiac death in patients with myocardial ischemia (1, 2) . It is well established that the cardiac sympathetic nervous system, particularly the left stellate ganglion (LSG), plays a prominent role in modulating ventricular electrophysiology and arrhythmias (3) (4) (5) . Left cardiac sympathetic denervation has been applied to treat animals or patients with life-threatening VAs such as post-myocardial infarction refractory VAs or electrical storm, long QT syndrome, and catecholaminergic polymorphic ventricular tachycardia (VT) (6) (7) (8) (9) . Optogenetics is a novel technology that is widely used in the neuroscience field for silencing or enhancing the activity of genetically targeted neurons (10, 11) . When ArchT, an inhibitory light-sensitive opsin, is genetically expressed in targeted cells and activated by illumination with the appropriate wavelength, it induces hyperpolarizing currents, thus silencing the cells (12) (13) (14) . In the present study, we aimed to develop a novel optogenetic approach in which an adeno- All efforts were made to minimize discomfort.
VIRAL INJECTION INTO LSG. Twenty dogs were randomly divided into the optogenetics group and the control group ( Figure 1A) . The virus AAV2/9-CAGArchT-GFP was chosen for transfecting the LSG.
A similar construct (AAV2/9-CAG-GFP) without
ArchT was used as a control. The virus was purchased from OBio (Shanghai, China). After anesthesia, a left thoracotomy was performed at the third intercostal space. The LSG was carefully exposed and virus solution (AAV2/9-CAG-ArchT-GFP: 20 ml, 6.25 Â 1,012 vector genomes/ml; AAV2/9-CAG-GFP: 20 ml, 5.66 Â 1,012 vector genomes/ml) were injected into 4 sites using a 30-G beveled needle ( Figure 1B ).
Virus solution was injected at 1 ml/min, using a 25-ml Hamilton syringe connected to a Harvard PHD syringe pump (Harvard Apparatus). After the injection, the chest was closed in layers and antibiotics (penicillin sodium) were administered for 3 days after surgery. Yu et al.
Optogenetic Modulation Suppresses VAs activity, characterized by the recorded amplitude and frequency, was defined as deflections with a signal-to-noise ratio of 3:1 and manually determined as described previously (17) (18) (19) . The S1-S2 interval was decreased initially from 250 ms by decrements of 10 ms and then 2 ms until refractoriness was achieved. ERP was defined as the longest S1-S2 interval that failed to capture the ventricles (17, 18, 20) . Optogenetic Modulation Suppresses VAs
steady-state pacing protocol (S1-S1) was performed to determine action potential duration (APD) restitution properties. The pulse train was delivered at an initial cycle length that was slightly shorter than the sinus cycle length, and was maintained for 30 s to ensure a steady state. A 2-min interruption was then taken to minimize the pacing memory effects.
Subsequently, another pulse train with the pacing cycle length decreased by 10 ms was delivered until APD alternans appeared. APD alternans was defined as the change in 90% repolarization duration (APD90) $10 ms for $5 consecutive beats.
The monophasic action potential recordings were analyzed by the LEAD 7000 workstation system (Lead 7000, Jinjiang). The APD90 was defined as the 90% repolarization duration, and the diastolic interval was the time interval from the previous APD90 point to the activation time of the next beat.
As described in previous studies, the dynamic APD restitution curves were constructed by plotting each APD90 against the preceding diastolic interval using Origin 8.0 (OriginLab, Northampton, Massachusetts).
The slope of the shortest diastolic interval was defined as the maximum slope of the curve (Smax) (18, 20, 21) .
MEASUREMENT OF HEART RATE VARIABILITY. recording showed an evident inhibition of LSG neural Figures 3C and 3D ). In addition, the ischemiainduced increase of LSG neural activity was significantly attenuated by optogenetic modulation in the optogenetics group (frequency: 98 AE 6 impulses/min In addition, the ischemia-induced increase of LSG neural activity was also attenuated by optogenetic modulation in the optogenetics group. *p < 0.05 vs. 4 weeks after virus injection. †p < 0.05 vs. transient LED. #p < 0.05 vs. control group. Abbreviations as in Figure 1 .
Yu et al. other abbreviations as in Figure 1 .
staining of NGF/c-fos with TH in both groups. Quantity analysis showed that NGF and c-fos in the LSG were significantly more decreased in the optogenetics group than were those in the control group (NGF: 65.2 AE 4.3% vs. 18.9 AE 2.4%, p < 0.05; c-fos: 73.1 AE 4.5% vs. 22.2 AE 2.6%, p < 0.05) (Figures 7C and 7D) . as unilateral hand dryness, abnormal sweating, and chest pain (31) . In the present study, we applied a Direct neural recordings showed that ArchT For example, the patient may turn on the LED illumination before physical or emotional stress to avoid VAs or defibrillator therapy. China. E-mail: hong-jiang@whu.edu.cn.
